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PLASMA VOLUME AND CORPUSCLE MASS DETERMINED
WITH SERUM ALBUMIN WITH I-131 AND WITH RED CORPUSCLES
MARKED WITH Cr-51

Guillermo Rey, Alfredo Macchi and Osvaldo Degrossi

National Atomic Energy Commission

ABSTRACT. The corpuscle volume and plasma volume of 16 test
subjects were determined by the chromium-51 and the S.A. I-131
methods. Results indicated that the erythrocytic mass is less in
women than in men. The S.A. I-131 method was easier to perform,
but not as reliable as the Cr-51 method.

General Statements

The use of radioisotopes in hematological methodology constitutes the
most important advance of the last two decades because of its accuracy and

ease.

Nevertheless, the evaluation of the Total Blood Volume (TBV), based on
the Corpuscle Volume (CV), and on the Plasma Volume (PV), determined simul-
taneously or successively, with reference to the venous hematocrit (Het), is
subject to error. While an attempt has been made to set up hematocrit correc-
tion factors to remedy this difficulty, we are interested in a comparative
study of the erythrocytic and plasma masses, separatively, for a direct deter-
mination of the circulating Hematic Volume. There are innumerable diagnostic
and therapeutic situations in which a knowledge of the volume, and more parti-

cularly, the CV or PV independently, is important [2, 5, 6, 7, 3, 13, 22, 28].
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Both procedures are based on the principle of isotopic dilution and are
directly calculated with the Hct, determining the remaining volume and the
total. However, the peripheral Hct does not represent the proportion of cells
and plasma in the organism, considered as a whole, and the estimate is only
approximate and subject to error [8, 23]. Some researchers believe that if
the CV is indirectly calculated, apart from the PV and from the venous Hct [147,
we obtain a higher value than that from the direct measurement of the corpuscle
mass. They attribute this difference to the fact that the blood concentration

in the large vessels is greater than in the peripheral capillaries.

Two correction indices for the common Hct have been proposed. The first
would correspond to a plasma trapping mechanism inside the erythrocytic
column [18, 20, 25]. The proportion of cells is overestimated, which should
be corrected by the factor 0.98. The second corrects the existing disproportion
because of the greater dilution of the peripheral capillary stratum and applies
the factor 0.92. Although these concepts are accepted by the majority of the
authors, there is doubt about the value of the venous (peripheral) and total

(body) Het of the organism.

Various researchers point out different indices [4, 9, 10, 16, 19, 26].
Some believe that they are constant [10], while others suggest that the rela~
tion varies individually [11, 14, 15, 16, 27]. What they all agree on is that
a real appraisal of the TBV can only be accomplished by independent or joint
measurements of both volumes [14]. In this regard, procedures have been de-

scribed which utilize various tracers [12, 24], applying simultaneous measure- /4

" ment techniques or administering radioactive mixtures. |

For our part, we do not participate in such simplistic tendencies, and
are disposed to a greater clinical application. We feel that the advantages
obtained — the utilization of a minimum of equipmentﬂand speed — do not
offset the loss in precision and certainty. We estimate that the application

of one method, combined with the successive measurement of the CV and of the



PV, supplies a more real evaluation of both fractions, and consequently, of
the TBV. For that reason, both procedures are done successively and almost
immediately, using Cr-51 to mark the RC [red corpuscles] and completing the

study with serum albumin marked with iodine 131 (S.A.'I—131).

Although the "RISA" technique is easier to perform, the one that utilizes
radio-chromium to determine the CV is considered more exact [22]. Up to the
present time, [14, 15, 17, 21] innocuous and stable radioactive chemical sub-
stances, constituting the common dosages, are the most widely used. This

facilitates the repetition of tests within the permissible radiation limits.

Material -and Methods

The tests were performed on 10 healthy, adult volunteers (three women
and seven men) and on six patients (four suffering from anemia and two from
polycythemia) (Table I). Successively and with a time difference of 30 to 60
minutes, the cornuscle mass was determined by the chromium 51 method, and the
PV — with the S.A. I-131 procedure. The Hct was used twice, obtaining an
average for each case. Apart from the CV obtained by radio—-chromium, and
based on the Hect corrected by the aforementioned factors, the TBV is determined,
and the PV, by the difference. With the same procedure and apart from the PV
obtained with the S.A. I-131, the TBV is obtained for this method, and the
CV. 1In order to compare the values obtained in each individual case, they are

taken in reference to the corresponding body weight.

Results: In Table I, the values found from the comparative estimates
with both procedures are listed for the three volumes (CV, PV, TBV). The
absolute and relative results have been tabulated in ml/kg of weight for ten

normal and six pathological subjects (two women and four men).

In Table II, the averages obtained and their deviations in CV, PV and

TBV are compared for the two procedures. For the entire population which



TABLE I.

CORPUSCLE VOLUME, PLASMA VOLUME AND TOTAL BLOOD VOLUME
COMPARATIVE CONCLUSIONS WITH Cr-51 AND SERUM ALBUMIN I-131

Case Diagnosis | Sex | Age | Weight | Height (values expressed in co/kg)
(kg) (cm) . Chromium-51 S.A., I-131
cv. PV TBV| Ccv PV TBY
1 Normal F 33 90 156 19.7 35.8 55.5| 20.7 36.3 57.0
2 Normal F | 48 80 162 | 21.5 38.3 59.8| 23.8 37.7 61.5
3 Normal M | 31 59 156 | 24.3 34.3 58.6) 24.1 32,1 56.2
4 Normal M| 33 81 170 | 28.5 34.6 63.1] 29.1 35.1 6u.2 |
5 Normal M| 26 79 160 | 28.3 39.4 67.7] 28.6 36.5 65.1
6 Normal M| oul 72 171 | 25.9 36.7 62.6] 25.1 36.9 62.0
7 Normal F | 28 52 151 | 23.8 34.9 58.7f 24.0 35.1 59.1
8 Normal M| 34 63 160 | 29.0 U6.1 75.1) 28.2 46.3 T74.5
9 Normal M | 50 70 162 | 24.3 30.8 55.1) 24,k 32.2 56.6
10 Normal M | 56 57 168 | 28.9 44,3 73.2| 28.0 44,9 72,2

(continued on next page)




TABLE I.

CORPUSCLE VOLUME, PLASMA VOLUME AND TOTAL BLOOD VOLUME

COMPARATIVE CONCLUSIONS WITH Cr-51 AND SERUM ALBUMIN I-131

S

Case Diegnosis | Sex | Age w?ii?t H?iﬁ?t Ciii;?ii-:iprissedsfz.c;iiil

| cv pv TVl cv - pv BV

11 Anemia I 1w ‘ME;- 155 21.4 44,5 65,9} 20.0 43.5 63.5

12 Anemia M | 25 | 73 158 | 18.9 26.7 45.6| 18,0 30.0 48.0

13 Anemia M 37 67 182 20.7 40.0 60.7} 19.2 39.3 58.5

14 Anemia F 35 64 156 16,6 36.9 53.5] 16.8 36.7 53.5

15 | oo ehania | F | 48 48 166 | 31.8 39.0 70.8| 30.5 38.7 69.2

16 | true polycythe- M | 60 52 162 | 59.2 39,9 99.1] 62.5 42.5 105.0
mia S A ——




makes up the series (No. 16), the means were calculated with their standard
deviations and statistical significance [1]. In making an appraisal, there
are few manifest differences. The total values given are in agreement with
those reported by other authors. The validity| of the procedures used confirms

the statisticalldéférmiﬁétioh,VWhiCE—sﬁowé>littiéuég;gg gigé;ficéhf diffegence]

(at most 0.9).

Table III shows the averages and their deviations for both procedures,
related to ml/kg of weight, corresponding to the ten normal subjects. The
agreement is also apparent, as was expected. The statistical study shows a |
greater similarity in CV values, with a élight, insignificant difference in

the plasma values.

Table IV gives a comparison of the normal values for men and for women,
respectively. The conclusions are analogous to those of the preceding table.
No significant difference appears between both procedures, but comparing the
normal values of men and women (Table V) statlstlcally for the chromium 51 'vy5
method, which we select at| random, the result would be similar to S.A. I-131.
We observe that the corpuscle mass is less in the women, as was expected.

The PV values are also somewhat less in the same group, though the difference
is not significant. Table VI presents the comparison between normal and
anemic subjects for the Cr-51 procedure. The differences of the two groups
are significant with respect to TBV and CV, but not the PV. And finally,
Table VII offers a comparison of normal values with regard to the polycythemic

subjects. Here also the same conclusions are reached as in the preceding

table. The differences observed in the pathological group compared to the]
" normal group are not as significant as was hoped, except for the PV values,

due to the small number of cases.

Resume and Conclusions]

_For the present work, a series of 16 cases was selected, divided into
two groups: ten normal subjects and six pathological (anemic and polycythemic)

subjects.
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TABLE II.

COMPARISON OF THE VALUES OBTAINED WITH Cr-51 AND SERUM ALBUMIN I-131

FOR THE TOTAL BLOOD VOLUME, THE CORPUSCLE VOLUME, AND THE PLASMA
VOLUME (STATISTICAL PROBABILITY "p'", IN AGREEMENT WITH THE STUDENT "t" VALUE

averagejlvalues
Cr-51 S.A, I-131 "p!
TBV 6.0 ¥ 7.2 63.5 £ 7.9 0.8
cv 26,4 t 9,3 26.4 % 10.4 0.9
PV 37.6 § 4,9 37.1 £ 5,4 0.9
TABLE IITI. COMPARISON OF THE VALUES FOUND IN NORMAIL SUBJECTS WITH Cr-51 AND SERUM

ALBUMIN I-131 (AVERAGES, STANDARD DEVIATIONS, AND STATISTICAL PROBABILITY "p'")

average |values o

Cr-51 S.E. 1I-131
TBV 69.2 £ 3.7 61.8 I 4.1 0.6
cv 25,4 3,2 25.6 * 2.7 0.9
PV 37.5 £ 4.3 36.2 t 5.5 0.6




TABLE IV. COMPARISON OF THE VALUES OBTAINED IN NORMAL|SUBJECTS OF BOTH SEXES

(AVERAGES, STANDARD DEVIATIONS AND STATISTICAL PROBABILITY "p'")

average |values
Cr-51 S.A, I-131 Hp!
TBV 65.0 ¥ 4,8 64.4 t 4,9 0.8
Male
cv 27.0 + 2,0 26.8 + 2.0 0.9
7 cases
PV 38,0 ¥ 7.7 37.6 £ 7.9 0.9
TBV 58.7 1 3.4 55,8 t 5, 0.6
Female
cv 22.7 + 3.7 22,8 = 3.8 049
3 cases PV 36,0 £ 1,9 33.0 t 6.3 0.7
TABLE V. COMPARISON OF THE VALUES OBTAINED WITH Cr-51 FOR MALES AND FEMALES
(AVERAGES, STANDARD DEVIATIONS AND PROBABILITY " ' VALUE)
Male Female T
ml/kg ml/kg b
TBV 65.0 T 4,8 58,7 ¥ 3.4 0.1
cv 27.9 * 2.0 22,7 1 5.0 0.2
PV 38.0 X 7.7 36,0 ¥ 1.9 0.6




TABLE VI. COMPARISON OF THE VALUES OBTAINED WITH Cr-~51 FOR THE NORMAL AND ANEMIC
SUBJECTS (AVERAGES, STANDARD DEVIATIONS AND STATISTICAL PROBABILITY "p'')

Normal (10 cases) Anemic (4 cases) "pt"
ml/kg ml/kg
TBV 6u,0 t 7.2 56.4 1 4,6 0.1
CV 26,4 1 9,5 19.4 * 2,1 0.3
PV 37.6 T 4,9 37.0 % 7.1 0.9
Het by, 4t 2.7 35.7 ¥ 0.8 0.01

TABLE VII. COMPARISON OF THE VALUES OBTAINED WITH Cr<51 IN NORMAL AND POLYCYTHEMIC
SUBJECTS (AVERAGES, STANDARD DEVIATIONS. THE VALUE OF "p" IS SUPPLIED AS BEING
ONLY INFORMATIVE, GIVEN THE SMALL NUMBER OF POLYCYTHEMIC | SUBJECTS) .

Normal (10 cases) |Polycythemic (2 caées) -
ml/kg ml/kg P
TBV 64,0 £ 7,2 84.9 t 7.0 0.01
cv 26.4 * 9,5 45,5 F 13,7 0.1
PV 37.6 T 4,9 39.4 F 0.4 0.6
Het Gy, 4 2,7 57.0 ¥ 8.0 0.01

The arithmetical means and standard deviations are given,



Each of the participants was subjected separately and successively to
the direct measurement of his CV with Cr-51 and of his PV with S.A. I-131,
almost immediately, in that order, in a combined method. Then, the induced
TBV's were calculated, applying the peripheral Hct correction factors to obtain
the true total or body Hct. The differences from the statistical point of
view are not significant (p greater than 0.5) with regard to total values,
when both methods are compared. It verifies the fact that the erythrocytic
mass is less in women, compared to men. The PV values are also somewhat less
in the same group, but without significant differences. On the other hand,
the opposite is true for the TBV's (p less than 0.1). In the same way, the
differences between the normal and pathological subjects (whether anemic or
polycythemic) are statistically significant for the CV and TBV. For more
exact measurements, while the aforementioned Hct correction indices are not
modified, it is advantageous to make separate, direct determinations of both
volumes. The two procedures prove to be reliable and of great value. While
the S.A. I-131 procedure is easier to do, it is not as sure as the Cr-51
method, since the differing purity of the albumin used can vary its accuracy,

but in practice it is the one chosen in an emergency.
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